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Method sequencing D^ft 



The invention is related to a method of sequencing 
DN A using a solid phase bound DNA template. 

using : nterest in large scale sequencing 

The increased interest in x° ^ 

human genome (smith .t .1 (19871). »•=• s „ uenc i M 

improvements to enable meg.bas. .equenong. =*^*""° S 

I! he alviaea into the fencing five operation. 

„hich .11 «« be automatea - enable 

projects: ID template preparation. Ml sequence 

Lection., .ii» electrophoresis, <iv, a««ti-^ 

of specific fragment, ana (v> a,t, storage ana analyse 

To, a.t. storage ana analysis, most sequencing 
"Tores." carriel out manually, causing 

'—entrr-nr:.-::.! — 

heen "ported although the ma^or ™ 
the aata evaluation, i.e. computer software. A filter 

thoa L P.rpere .1*1. str.na.a ph.g. ^ - 
aescrihea (Kristn.s.n et al (1,87,,. .hie ~ be 

h ,h-.p==a sequencing <«-. « -1 »•»• » _ 

template preparations (De Bonville et al 1987,, 

6 - 'rrr^roach » - -™* sU 

.tep ha. heen aescribea by several ^ 
et al (1986), Ansorge et al 
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al (1987)) taking advantage of fluoresence instead 

of isotopes for labelling the DNA fragments. With 

these systems on-line detection can be achieved, 

which makes it possible to combine the three operations 

electrophoresis, detection and data handling into 

a single automated station. Such systems are therefore 

likely to be included in megabase sequencing strategies. 

To obtain a completely automated sequencing 
protocol, it is therefore essential to aiso develop ■ 
Citable automated methods for the first two operations 
(template preparation and sequencing reactions). 
F or the latter operation a strategy involving solid 
phase techniques would facilitate automated handling 
of liquids in microliter quantities, which would 
be suitable for automated protocols. 

According to the present invention we provide 
a method of sequencing target DNA in which said DNA 
is provided in single stranded form immobilized on 
a solid support and is then subjected to sequencing. 

Solid phase methods have proven to be very 
useful in molecular biology, in areas such as peptide 
svnthesis, peptide sequencing and DNA synthesis. 
1 large numbed of instruments are commercially available 
utilizing this technique. The advantage with a solid 
phase approach is usually a combination of good yields, 
reproducable reactions and easy automation due to 
ease of separation .of the solid phase from the reaction 
solution. 

At present there are, however, few reports 
on solid phase approaches to handling manipulations 
of cloned DNA sequences for applications such as 
DNA sequencing reactions. DNA sequencing of oligo- 
nucleotides on anion-exchange supports (Rosenthal 
et al, 1985) has been described, but most attempts 
to automate DNA sequencing have been focused on the 
use of laboratory robots (Martin et al, 1985, and 
Wada et al, 1987) . 
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nf the present invention, 

doable stranded D "*\ elutio n. Thus, sequencing 

followed ^r^^l^ can be performed in 
involving single-stranded ^ (Nucleic 

. way suitable for .-to- - ^ ^ ^ described 
Aci as -search jo 1 3, ^ ^ ^ ^ 

such strand specie el hete roduplexes . 

in the pre seleC tively incorporated 

a desired DNA sequence is seie^ 

A functional group with a f inxty 

i. incorporated into the desired str 

DNA This substance is bound to a solid p 

„ 0ll a ph». it i= 1™° !»«• a iobstsince . Th . 

eh . potior,.! grow " ' OHX 

vector. .sp.cl.HY — pla s„i<,s pM«7 

- ir.rr„ r. ^ i-- — 
;::.:r:; — . ~ -« — 

,0 thoa..nd b... p..». P lnTOtp „.t.d i«o 

which can be incorporated int subsfcance wnlcn 

which has a strong interaction to 
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can be i^Hized on a solid-support. The interacts 
between the two component, must be stable through 
the whole procedure. Exiles of such groups are 
bi otln - avidin, biotin - streptavidin, and cystem 

- thi " n rp::: t io n « «- * ^ 

the vector DNA must be performed in such a way that 
the functional site is not affected. One 
of such a functional group for binding is 11-biotin 
m . The vector must be linearized, and this can 
be done by suitable restriction enzymes, such as 
BstSXI, BglXX (Plasmid P RIT27) or NotI (Pa- 
using lambda or cosmid vectors, it is possible to 
linearized the vector with a phage specific enzyme 
which recognizes and cleaves the cos-site, thus avoiding 
restriction enzymes. 

The incorporation of the functional group can 
be accomplished by a DU A polymerase, such as Klenow, 
T7 or reverse transcriptase (Pharmacia, Sweden), 
if a 5 '-protruding end exists after linearisation. 
It is also possible to incorporate the functional 
aroup into the vector by ligation with a suitable 
oligonucleotide synthesized with the functional group. 

The immobilization process may be performed 
in a conventional manner, either batch-wise with 
the substance-coupled carrier slurried in a suitable 
m edium or on a column of the activated carrier 
Any conventional carrier material (such as beads eg 
Sepharose beads, (Pharmacia, Sweden)), filters, capillaries, 
or plastic dipsticKs (e.g. polystyrene strips) 
mi crotitre wells to which the substance can be sufficient 
coupled for the present purposes, may be used. The 
methods for coupling or immobilizing a functional 
gr ou P to such carrier material are well-known and 
need not be described in any detail herein. It 
also possible to use adsorption of the substance 
to suHaces of microtia wells as a means for coating. 
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Release or melting of the non-bound DNA strand 
from the carrier material may be effected by conventional 
methods, such as 0.15 M HaOH or temperature urease. 
The choice of melting conditions must of course, 
. be made with regard to the particular 

gC oup-substance interaction as well as the choice 

° f "tval^nitial step in method of the present 
invention is thus to provide a immobilized single 
Landed recombinant OKA fragment suitable for ™ A 
sequencing. An example on such a procedure is .schematically 

^""Lref^'tn; target is cloned into the 

— o f the „ -^r:::^;::, 
r;:: t :: 3 iri::i i :-in r :: i n g deo X ynuc r tide^ 

with at least one of them derivatized to contain 
t ; functional group. After restriction with a second 
enzyme, the mixture is contacted with a solid support 
fining a substance with affinity for the functional 

oup! Si. -ads to directed immobilization of 
the DNA fragments containing the functional group. 

single stranded template and the sequencing reaction 
is performed under standard conditions (Sanger et 
al (1977)). The extended oligonucleotides can be 
J ■ „ different strategies, most notably 
labelled using different stt* y «, <t . h( , r 
isotopes or fluoresce which are incorporated either 
dU ring the extension or as a labelled primer- The 
newly synthesized labelled oligonucleotides are elated 
b another melting step leaving the template available 
for the next sequencing reaction. The annealing 
Z extension is repeated to obtain specific fragments 
for all four nucleotides and the four samples are 



PCT/GB89/00304 



load*d on a sequencing gel. 

outlined in Fig. 2. 

Briefly, the target DNA is cloned into the 
iinktt region of the sequencing vector. The 
^ai: Xinfari^ed with Sfil ana partially 
Lth Sau3A to yield fragments of different lengths. 
r o h g ne"l ollgonucelotides sfiX and Sau3A are ligate 
to the DNA fragments. The oligonucleotide 
to one of the SfiX recognized protru-i-9 «a- e.»x« 
the functional group and the oligonucleotide that 
" as -the Lu3A protruding ends contains 
annealing sequence. The fixture is separated by 
agarose or .polyacrylamide gel -l-**"^""^ 
£ us ing radioactive, fluoresc ent o, J otide 
methods, fragments containing the Stu ox y 

the functional group and m the other 

oligonucleotide incorporated into a specific Sau3A 

site After collecting the specific bands separately 

fro." the gel and eluting these by method. ^ *~ 

se, the DNA is mobilized by contact «th a solxd 

s^port containing a substance with affinity for 

the functional group. The sequencing is therefore 

carried out as described above (Pig- » «^ 

a general sequencing primer (GSPIII) i- »»•« 

is colplimentary to the Sau3A oligonudeotide incorporated 

to the 3 '-end of the immobilized fragment. 

The advantage with this method is that large 
inserts (greater than 2000 base pairs) can be sequenced 
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ln , al „ otw 

to a modification, also immobilized an 
n the PCR technique, two oligonucleotide primers 

— ~ • - r. r. rr^rsru— 

. copy of each of wheteupon stra nd separation 

inco^rating the ^ melting for exam ple 

is effected, eg.g ey olig onucleotides 
at 90 -C. If an excess of the prime nucleotide s 
is included in the medium as well as the ro 

;r„ t rn 

ltl t » „lthst.„a fparatur. 

».*a "°r «r.r,a «- — 

.h.» using th. U». poly».r~. —a 



l PCR. 



,„ > solid support such as a partjcle or, mors pr 
l^Lns P.r.ittin, attach to a solia support 
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such as biottn, the amplified DNA will be produced 
with means for immobilisation. Thus, the PCR technique 
can produce directly immobilized single stranded 
DNA ready for sequencing and may produce this directly 
from a bacterial colony by a method which is easy 
to automate and does not involve restriction cleavages 
and plasmid purification. A particular advantage 
of the use of a solid support in any of the reactions 
here concerned is the ease of separation from the 
reaction medium. Thus, in the PCR stage, the reaction 
medium can be readily removed by washing and a different 
polymerase introduced in an optimal buffer to begin 
the sequencing- stage, e.g. a conventional sequencing 
polymerase such as T7. Furthermore, the optimal 
concentrations of nucleotides and dideoxynucleotides 
can be maintained for sequencing by the Sanger method, 
independently of the concentrations used in the PCR 
step. The possiblity of rigorous washing of the 
immobilized DNA provides more reproducible results 
in the sequencing stage. Furthermore, the so-called 
•walking primer' technique is facilitated in Sanger 
sequencing whereby a primer can be used to sequence 
the first 500 base pairs of a long DNA molecule and 
after washing, the unchanged immobilized DNA is annealed 
to a primer initiating sequencing of the next 500 
base pairs (using sequence information from the first 
stage) , this procedure being continued until the 
whole DNA molecule has been sequenced. 

The invention will in the following be further 
illustrated by non-limiting examples with reference 
to the appended drawings wherein: 

Fig. 1 is a schematic drawing of the basic 
concept of the solid-phase sequencing using the biotin- 
avidin system. Note that depending on the choice 
of enzymes A and B, both fragments will or will not 
be immobilized. 

Fig. 2 is a schematic drawing of the basic 
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„ Hintinvlated oligonucleotide to 

™i^r:™i.....,.., ::r . — 
•'•'\r.".r.r— r,::™.,,,,.,; 

of replication of phage £1» lacZ , par 

gels wit * 35 s _ dATP auring the extension. 

The nucleotide seance of the synthetic » * 
inserted in the flanking regions a-e are 
Abbreviations are as in Fig. 3. 

Specific embodiments of the invention will 
now be described in detail. 

nrTrrT »Tg &MD METHODS 

„ „,» 1PUl .t^. -«« -; amp J.. obtainea t „. 

(Maniatis, 1982). xx ose was obtained 

Bethesda Res. Labs. (US) and avidm agaro 
from Sigma Chemicals. 
Example 1 

Z**^ 2 ^^ lly 
Plasmid PTZ18 (Pharmacia AB, Sweden, 
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aig ested with Bgll and the .ynth.tic oligonucleotide 
5 .- C CATGACAATGGACTGCTGGTTACCGATATCGAA-3' (and its 

Se ,unce, was inserted, This synthetic 
fragment contains BstXX , BstEXX and EcoRV recognition 
sequences. The Bgll recognition sequence, used for 
the insertion, was destroyed s imultaneously The 
reading frame was changed in the last part of the 
iacz'-gene but the colour of the colonies remained 
blue, if B^coli strain RRX 15 (Maniatis et al (1982) 
X^X-galtlelection was used (Maniatis e, : . .JW > - 
This construction, designated pSSl, was digested 
with fegU and HindXXX, and a synthetic oligonue : leotide 
5 ' -AATTCGGCCAGCACGGCCGGCTCAGGTGACCA— 3 was inserted. 
Th e EcoRX and HindXXX sites were thus destroyed and 

a seance of SSL*- SSS*' S^ 1 "' ^ 

W ere created. This insertion changed the colour 

of the colonies from blue to white, due to *«— hl " 

I " the lac Z-gene. The new E~*X and HindXXX recognition 

sequences were used to insert a mp 8 multi-linker 

restoring the correct frame in the lac Z'-gene giving 

hac LI colonies. Thereafter the m il ^ 

of the lac Z'-gene was converted into a Bglll site, 

° b insertion of a linger S-CAGATCTG-3. (Kablgen 

Sweden). The resulting plasmid was denoted pRXT27. 

plasmid pRIT27 containing an insert derived 

f rom the multi-linker region of K13 m P 18, was digested 
with BstEXX and J^. *» 

in with Klenow polymerase (Maniatis et al <^ 82 » 

using 11-bio-dUTP and appropriate dHTP's. The material 

was purified by passing it through a G-50 

flowed by ethanol precipitation. After redissolving 

in TE (10 mm TRIS P H 7.5, 1 mM EDTA) the plasmid 

was digested with EcoRX. This biotynlated double 

tranced DNA was mixed with avidin agarose gel, prepared 

by washing with 1 M NaCl and TE. Approximately 1 
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ug of Plasma (treated as described «"j;" a 

r „l avidin agarose gel for the immobilization. 
Z was s h a,en gently at room temperature . 

"pacitv of the a.idin agarose *as detained 
by a saturation experiment. Avidin agarose , - x«a 

"',! „„.„! og o £ DM =«n b. bouno to - 1 °« 

^ Ztos. suagestino that U» ° f tM 

QUA was converted into single s 

at 37-C with 0.15 M NaOH for 15 ""^^ subseque ntly 
ag arose gel, with Mobilized ^ ^ _ 
was hed with 0.15 M --^^^Sp and ^ 
wer e perfor-d using both S label ^ ^ 

end labe -arose gel were 
plasmid immobilized on buffer, 

ug/ml BfaA ana „ c and 

o1 . Tbe .l.tar. ... mo-bats* 1 * . up . tn . t „ t 
-ilowed to cool to. tool, temp.fture. TI» P 
« Tlvea - the above 

reaction mixtures, at a total 
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Cmix- 83 UM dGTP, dTTP? 4 uM dCTP; 50 uM ddCTP. 
T uM dCTP, a-TTP; 4 UM dGTP; 150 uM ddGTP. 

S"' £ acTP= 4 um d^ 125 um ddTTP. 

wr the 3Vub.ll- Pri«r the following nucleot.de 
mi xes were used. ^ ^ ^ ^ ^ ^ 



dGTP 



Amix: 83 uM dCTP 
Craix: 83 uM dATP 
Gmix: 83 uM dATP, dCTP, 
Tmix: 83 uM dATP, dCTP, 



dGTP ' dTTP; 4 uM dCTP; 50 uM ddCTP. 



dTTP; 4 uM dGTP; 50 uM ddGTP. 

83 UM dB„ — *™ 4 U » dTTP; 50 UM ddTTP ' 
After completed reactions the supernatant was 
rem oved and the gel was extensively washed i**™- 
The newly synthesized oligonucleotides were eluted 
using- 10 »! 0.15 M «aOH and the eluant was — ^ 
.eutralized with 1.25 « HAc. The samples were ethanol 
"ecipitated and redissolved in 5 ul „. 
of 2 ul was mixed with 2 ul formam »" 
heated for 3 min in boiling water and loaded on gel 
aTpolyacrylamide fencing gel. The avidin agarose 
gel , Lth immobilized template DHA, was regenerated 
'y extensive washing with 0.15 M HaOH and water 
-' se ' cing reactions were performed using 

In this and the foUowing experiments a ^ 
was used, consisting of P RXT27 containing an insert 
derived from the multi-linker region of M13 mp 18. 

Approximately 1 ug of the plasmid was used 
for the immobilization to 1 ul avidin agarose and 
the subsequent strand specific elution was *«*>™ a 
as described above. A HIT primer (Olson et al, 1986), 
complimentary to a region 

from the multi-linker region, was used to initiate 
the extensions. Equimolar amounts of *»° b ^ xM * 
single stranded DNA and RIT primer were mixed, incubated 
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for 1 hour at 60"C and allowed to cool to room temperature. 
Z supernatant was removed and the 

was started with the appropriated - C ^ 0tl ^ a ^ reaction 
in a total volume of 10 ul, followed by a chase -action 
(Sanger et al (1977,, to extend fragments not terminated 
with a dideoxy nucleotide. 

A fter completion of the reactions, the supernatant 
was removed and the gel was extensively washed 
The newly synthesized oligonucleotides were then 
el uted using 0.15 M NaOH and the eluant was neutralized 

with H AC . The ^^^^^^ 

stranded template was thereafter usea roc 

0 nd of fencing reactions, involving ^/J^" 1 "" 
followed by extension using a new dideoxy nucleotide 

" iX * The protocol was followed for all four dideoxy 

nuc JaeI ana the eluted samples were ^ 

and re-dissolved in formamide/dye mix prior to loading 

l uencing gel. *n audiogram of OH* fragments 
separated by electrophoresis is presented in Fig. 
5A which also shows the expected sequence of the 

1 asmid used. Clearly readable ~™ *~ ^ 
which correlates well with the expected ones. The 
strong band at the top of the sequence 

run off transcripts at the EcoRI site at the 5 end 

of the immobilized template. 

Solid^ase^^ 

A 7^ e ^T tlve strat egy wa7 also tested, u 9 

a 3^p end-labelled KIT primer was used to label the 
^tended DNA fragments. A similar protocol was used 
althugh the nucleotide mixes were adjusted 
(see Materials and Methods for details,. Different 
lolar ratios of immobilized template and 
tested. Eguimolar amounts of template and primer 
F 5B> gave a clear and easily readable 

Lilar results were obtained for other pr imer/template 
"os (data not shown,, suggesting that the ratio 
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can be varied without critically influencing the 

Patter The results shwon in Fig. 5 demonstrate that . . 
the strategy outline in Fig. 1 c« be used for solid- 
phase DNA sequencing using the oiotin-avxdm system. 
■Example 2 

plasmia p ssi (see above) was part.ally digested 

with Pvull and a synthetic oligonucleotide linker 

5 * — GGCCAGGGAGGCCAGATCTGAGCGGCCGCTGCTG— 3 ' (and its 

complimentary sequence) was inserted. This 

contains Mil, Bglll, BcoB and *ott recognit 

The Pvull site used for the insert.cn was destroyed 

simultaneously. The resulting plasmid denoted pRIT28 

(Fig. 6) , is suitable for solid-phase sequencing 

using the approach outline in Fig. 2. 

T ,,.!^ of so e— ^«n«nn e i«ot1^ to linearized 

E5IIli A crucial step in the strategy outline in Fig. 2 
is the ligation of specific oligonucleotides to plasmid 
DNA linearized with enzymes giving a a'protruding 
end (such as sfil. BstNl etc) and 5> protruding end 
(such as Sau3A, TaqI etc). To test the .ff.cx.ncy 
of ligation, two synthetic oligonucleotides were 
synthesized and ligated to P *IT28 cleaved with i X 
or BamHl. The synthetic Sfil oligonucleotide (5 - 
TGATCAGGG— 3 ' ) is in the 3'-end complimentary to one 
of the strands of PRIT28 after cleavage with Sf il, 
Chile the synthetic BamHl oligonucleotide ( 5 -GATCAG 
CCTTATGTTCATTAG— 3 ' ) is in the 5 ■ -end <«^"^ 
to the 5 '-protruding ends of DNA cleaved with Sau3A, 

BamHl etc. 

To test the efficiency of ligation of each 
oligonucleotide to P RIT28, the ligation mixture was 
analyzed by 1% agarose gel electrophoresis, before 
and after ligation. A successful incorporation of 
oligonucleotide in the DNA vector will terminate 
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further ligation between plasmids or circulation 
o plasmas- This can be observed by compare the 
ag «ose gel pattern of ligation -xxtur... 

The synthetic Sau3A oligonucleotrde (3 G ATT AC 
^OTATTCCCACTAO-5.) was fcinased with T4 polynucleotide 
• a kinase buffer containing 50 mM Ttis P H 

j-„«,«t-e.<3 with BamHl and mixed witn 
o£ P KI T 28 ... ^ oligonucl .otiae. The 

:r«::; ~ ~: ~ ..** - : ^ 
rr— — r r - r 

MgCl,, 1.0 mM DTT and 0.2 nM ATP. At« 

di ! e lilt with ligase in a buffer containing 
14°c over night wi" , _ , 

amount of vector separating 

^^.X.tlv. _»t of U-..1- »— " PRIT28 1 

after ol.«M« «'«> B »" ,H1 oc 9,11 ' ,".„., 
Ration with S.u3» or Mil oU,o„ u =l«ot ia ... 



Enzyme 
cleavage 



Before 
ligatio 



no oligo 



Ligation with: 
Sf il-oligo 



Sau3A-oligo 



BamHl 100 
Sfil i°° 
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The results show that Sfil and Sau3A oligonucleotides 
efficiently terminates ligations of P RIT28 cleaved 
by Sfil and BamHl, respectively. This demonstrates 
t Lt the oligonucleotides are efficiently and specially 
incorporated into the site created by Sfil and BamHl, 
respectively. 

' Solid-phase sequencing using the concept schematically 

outlined in figure 1 was performed except that the 
target sequence was amplified by the PGR technique 
before immobilization by biotin to avidin agarose. 
Plasmid PRIT27 containing a synthetic human proinusl.n 
gene fragment was transformed in to E.coli strain 
MX M15 and plated on agar medium. A single colony 
was picked up with a sterilised Pasteur pipette and 
suspended in lOul PCR buffer, consisting of 67 mM 
Tris-HCl, P H 10.00, 16.6 mM (NH 4 > 2 S0 4 , 6.7 mM MgCl 2 , 
10 mM 3-mercaptoethanol and 170 ug/ml BSA. The sample 
was heated to 95°C for 5 min and, after cooling to 
room temperature, neutralized by the addition of 
1 ul of a 10 x PCR buffer, pH 7.0. 

The PCR was performed with two oligonucleotide 
primers complimentary to a region upstream, (biotin- 
CCATGATTACGAATTTAATAC-3 ' ) and downstream ( 5 ' — TTCGATA 
TCGGTAACCAGCACTCCATGTCATGG-3-), respectively, of 
the multi-linker region. The upstream primer was 
biotinylated in the 5'-end as described by the manufacturers 
(Pharmacia , Sweden) . 

The reaction micture (100 ul) consisted of 
the above described PCR buffer, pH 8.8, luM each 
of the primers, 200 uM each of dATP , dCTP . and dTTP 
and the above described 10 ul of lysed sample. Two 
units of Taql-polymerase (Amersham, England) was 
added and temperature cycle reactions were earned 
out using a Techne programmable Dri-Bloc* PHC-1 (Techne, 
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UK). Each cycle included a heat denaturation step 
at 2"C for 1 »in. followed by annealing of primers 
to the DNA for 2 min at 50°C, and DNA chain extension 
^ min at 72°C. The reaction 
with Tagl -polymerase for 1 mm at c 

mi xture were covered with a drop «f P"^" J 1 | 
Aft.: 20 cycles, the mixture were added to 20 ul 
of avidin agarose (as described in example 1) . The 
supernatant was removed and the Mobilized doub ed 
stranded DNA was converted into single stranded for, 
by incubation at 37»C with 0.15 M NaOH for 15 -In. 
The avidin agarose, with immobilized template DNA 
was IIJUT washed with 0.15 M NaOH 

Sequencing reactions were performed 
fluorescent end-labelled sequencing P r mer (5 "^ AA 
AACGGCCAGT-3 ' ) , complimentary to a region immed ately 
downstream from the multi-linker region. 2 pmole 
of the sequencing primer were mixed with the avidin 
a arose im.obili.ed template DNA in a J™" 9 
10 mM Tris-HCl ( P H 7.5) 10 m MgCl 2 , 100 ug/ml BSA 
and 100 m* NaCl to a total volume of 10 ul The 
annealing mixture was heated at 65«C and allowed 
to cool to room temperature. 1 ul DTT/NaCl mixture 
(0 .8 M NaCl/0.1 M DTT) and 4 units of T7-polymera Se 
(Pharmacia, Sweden) were added and the volume was 
adjusted to 15 ul. Then 3.5 ul of aliquots of the 
fixture were mixed with 2.5 ul of respective nucleotide 
:Lure and incubated 10 min at 37'C. 
nucleotide mixtures were used; 80 uM eac > dATP dCTP, 
dG TP, dTTP, 6.3 uM of respective ddNTP, 50 mM NaCI 
and 40 mM Tris-HCl P H 7.5. When the extension reactions 
were complete the supernatant* of each ™«*"™\ 
were removed and the avidin agarose was washed with 
water. The newly synthesized °"'™°^ tU " ™* 
eluted using 3 ul of a f ormamide/sequencmg dye mixture 
consisting of deionized formamide containing 10 mM 
EDTA, PH 7.5. After 15 min incubation at 



37 °C the supernatant was removed and diluted with 
3 ul water. Approx 2 ul were loaded into an automated 
sequencing apparatus set-up to detect fluroescent 
bands during electrophoresis (Ansorge et al) . A 
sequencing run with a 20 cm separating length, and 
7% polyacrylamide gel, gave clear results. This 
example illustrates that the solid-phase sequencing 
can be used for sequencing of PCR amplified DNA using 
T7 DNA polymerase and a fluorescent primer. 



EXAMPLE 4 



«„n* Phase ~ T i»ncinq of genomic DNA t^ing PCR amplified 
o piates «n surface mndefied mlrrotiter plates 

staphylococcus aureus SA113 was grown as single 

colonies on TBAB— plates . A single colony was picked 

with a sterilized Pasteur pipette and suspended in 

lOul PCR buffer, consisting of 67 mM Tris-HCl, pH 

10.0, 16.6- «M (NH 4 )S0 4 , 6.7 mM MgCl 2 , 10 mM 8-mercaptoethanol 

and 170 ul/ml BSA. The sample was lysed by heating 

at 95°C for 5 min and, after cooling to room temperature, 

neutralized by the addition of 1 ul of a 10 x PCR 

buffer, pH 7.0. 

The PCR was performed with two oligonucleotide primers 
complimentary to the Staphylococcal protein A gene. 
One primer was biotinylated at the 5 --end (biotin- 
AATAGCGTGATTTTGCGGT-3 ' ) , the second primer ( GACCACCGCATT- 
GTGGACGTGACCGGCAGCAAAATG— 5 * 1 , contains, at the 5'- 
end, a specif handle sequence not complimentary to 
the DNA template; this handle sequence creates a 
primer annealing seuence. 

The reaction mixture (lOOul) consisted of the above 
described PCR buffer, P H 8.8 1 uM each of the primers, 
200 uM each of dATP , dCTP , dGTP. and dTTP and the 
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above described 10 ul of lysed sample. Two units 
of Tagl-polymerase (Amersham, England) were added 
and temperature cycle reactions were carried out 
using a Techne programmable Dri-BlocK PHC-1 (Techne, 
UK) . Each cycle included a head denaturation step 
at 92°C for 1 min, followed by annealing of primers 
to the DNA for 2 min at 50«C, and DNA chain extension 
with Taql-polymerase for 1 min at 72'C. The reaction 
mixture was overlaid with a drop of paraffin oil. 

Polystyrene microtiter plates (Costar, 0SA> were 
surface grafted with 0.2 M glycidyl methacrylate 
and 2M benzophenone, in acetone by UV irradiating 
for 2 minutes. (K. Aimer et.al, Polymer Chamistry 
26, 1988, 2099-21110). 25 ug Streptavidin (Amersham, 
OT) in a TE buffer, at a total volume of 10 ul was 
applied to each well and the microtiter plate was 
incubated over night at 42«C. After removing the 
supernatant, the wells were incubated with BSA, 100 
ug/ml in TE-buffer, overnight at a total volume 
of 10 ul and 42-C. The supernatant was removed and 
the wells subsequently washed with 1 X TE. 

After 20 temperature reaction cycles, 10 ul of the 
mixture were added to each of 4 microtiter wells, 
prevously treated as above described. After 15 minutes 
the supernatant was removed and the wells washed with 
H O. The immobilized double stranded DNA was converted 
into single stranded form by incubation at 37°C with 
15 ul 0.15 M NaOH . The wells, with immobilized template 
DNA were subsequently washed with 0.15M NaOH and 
TE-buf f er . 

Sequencing reactions were performed using a. 32P end- 
labelled sequencing primer ( 5 ' — GTAAAACGGCCAGT— 3 
complimentary to a region immediately downstream 
from the multi-linker region. 2 pmole of the sequencing 
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primer were mixed with the avidin agarose with immobilized 

template DNA in a buffer containing 10 mM Tris-HCl 

(P H 7.5) 10 mM MgCl 2 , 200 ug ml BSA and 100 mM «aCl 

at a total volume of 10 ul. The annealing mixture 

was heated to 65«C and allowed to cool to room temperature. 

The supernatant was removed and 4.2 ul of nucleotide 
mixture (see below) were added together with 2 ul 
DTT/HaCl mixture f0.03 M DTT/0.25 mM NaCl) and 1 
unit of T7-polymerase (Pharmacia, Sweden), in a buffer 
consisting of 10 mM Tris-HCl ( P H 7.5) , 10 mM MgCl,, 
100 ug/ml BSA and 100 mM NaCl. The volume was ad 3 usted 
to 10 ul and the microtiter plate were incubated 
10 minutes at 37 "C. 

The following nucleotide mixture was used; 80 uM 

each of dATP, dCTP, dGTP, dTTP and 6.3 uM of respectively 

ddNTP and 50 mM NaCl and 40 mM Tris-HCl pH 7.5. 

After completed extension reactions the supernatant 

was removed and the microtiter wells were washed 

with H,0. The newly synthesized oligonucleotide 

were eluted using 3 ul of a f ormamide/sequencing 

dye mixture consisting of deionized formamide containing 

10 mM EDTA, P H 7.5 0.3% (w/v) xylan cyanol FF and 

0 3% (w/v) Bromphenol Blue. After 15 min incubation 

at 37 »C the supernatant was removed and diluted with 

3 ul H 2 0. 

Approx. 2 ul were loaded on a seuencing gel, and 
the resulting autoradiogram showed a clear sequence 
of the Staphylococcal gene fragment. This example 
illustrates that the solid phase sequencing approach 
can be used for direct sequencing of genomic DNA 
using PCR technology. It also illustrated that plastic 
microtiter wells with covalently bound streptavidm 
can be used as a solid support. 
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Claims : 

1 A method of sequencing target DNA in which 

said DNA is provided in single stranded form immobilized 
on a solid support and is then subjected to sequencing. 

2 A method as claimed in claim 1 in which the 
target DNA in double stranded form is immobilized 
on said solid support via one of the two strands 
thereof and is then subjected to strand separation 
whereby the unattached strand is removed. 

3. a method as claimed in claim 2 in which strand 
separation is effected by melting. 

4 A method as claimed in any of the preceding 
claims in which a functional group is introduced 
at only one terminus of one of the strands of the 
double stranded target DNA. 

5 A method as claimed in any of claims 1 to 
in which a plasmid containing the double stranded 
target DNA is cleaved at a restriction site outside 
the target DNA sequence, a functional group introduced 
at at least one terminus and being attached to one 
strand only, the f unctionalised DNA also being cleaved 
at a further restriction site outside the target 

DNA sequence and the desired f unctionalised target 

DNA contacted with a solid support carrying a substance 

with affinity for said functional group. 

6 A method as claimed in any of the preceding 
claims 1-4 in which a plasmid containing the double 
stranded target DNA is cleaved at a restriction site 
outside the target DNA sequence and at one or more 
restriction sites within said sequence, oligonucleotides 
are ligated at both termini of at least the target 

DNA strand to be sequenced, one of said oligonucleotides 
carrying a functional group capable of binding to 
a solid support and the other oligonucleotide being 
capable of hybridising to a general sequencing primer. 
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7 A method as claimed in any of claims 1 to 4 
wherein the immobilized single stranded DNA is produced 
by the polymerase chain reaction method using at 
least one oligonucleotide primer attached to a solid 
support or carrying means for attachment to a solid 
support. 

8 A method as claimed in claim 7 in which the 
immobilized single stranded DNA is produced by amplif icatx, 
of genomic DNA by the polymerase chain reaction method. 

9 A method as claimed in any of claims 1-8 wherein 
sequencing is effected by the Maxam-Gilbert method. 

10. A method as claimed in any of claims 1-8 m 
which sequencing is effected by the Sanger method. 

11. A method as claimed in any of the preceding 
claims in which the functional group is a biotin, 
avidin, streptavidin or thiol group and said solid 
support carries groups binding thereto. 

12. A method as claimed in any of the previous 
claims in which the solid support is in particulate 
form or is a microtitre well. 
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